In this work, we are interested in the contact between a self-affine fractal surface pressed against a smooth and perfectly rigid plane. The purpose is to analyse the influence of both sampling interval ∆ and sampling length L, on the determination of surface roughness parameters, contact areas and viscous and diffusive flow through the aperture field resulting from the contact under load. To accomplish this analysis, fractal surfaces used in this work are obtained from numerical simulations. Models for synthesizing a fractal surface, computing mechanical deformation of asperities as well as determining viscous and diffusive flow are briefly presented. At the macroscopic scale, viscous and diffusive flow are fully characterized by the transmissivity K and effective diffusivity D tensors respectively. Results show that fractal dimension D f and arithmetic roughness Ra are almost insensitive to ∆ and L under conditions that are discussed. Contact areas are invariant whatever L and become increasingly sensitive to ∆ while decreasing the arithmetic roughness Ra. The impact of L and ∆ in the determination of transport properties also increases when K and D decrease, i.e. for small Ra and large average contact pressure Pca.
Introduction
In the past decades, many works, both numerical and experimental, have been devoted to the study of fluid flows through fractures in rocks [1] [2] [3] . This subject takes many practical applications in water supply, petroleum extraction or long-term nuclear waste storage. In mechanical design, fluid flow through the contact between machined surfaces have received interest mainly in the context of tribological problems, especially in the understanding of lubrication mechanisms, like in the design of ball bearings or gear drives [4] - [5] . In those applications, surfaces in contact are generally in relative motion, leading to friction and wear problems.
Here, we are interested in fluid flow through motionless rough surfaces pressed against each other. This problem is of great interest in many industrial applications, like in design and safety of nuclear power plants or cryotechnic rocket engines, where sealing of some units is made by a direct contact between metallic surfaces [6] . Even under tightening, contact only occurs locally at the top of asperities and spaces left between surfaces form a connected aperture field which allows fluid flow through the contact. In this work, we study viscous and diffusive flows through the aperture field formed by a rough surface pressed against a perfectly rigid and smooth plane. In a companion paper [7] , Vallet et al. have presented a deterministic approach to estimate transport properties from initial surface roughness, i.e. intrinsic parameters relating the fluid flux to the driving force, for both viscous flow and diffusion, taking into account surface flattening due to tightening. Moreover, they have shown that real surfaces obtained by a random process, like lapping or sand-blasting, can be consistently represented by synthetic self-affine fractal surfaces, both from the mechanical contact and transport properties points of view. The aim of this paper is to investigate the influence of sampling variables describing the rough surface on the determination of roughness parameters, contact areas and transport properties. In their work, Nguyen et al. [8] have studied the influence of the sampling conditions in the estimation of a so-called Birmingham set of parameters [9] . Here, rough surfaces under investigation exhibit fractal properties as in [7] and are obtained from numerical simulation.
The choice of sampling variables arises while measuring a real surface and the goal of this work is to contribute to the determination of optimal measuring parameters. Indeed, surface scanning is a delicate process because it leads to surface digitizing and hence to information loss. Many measuring instruments are commonly used (see [9] ), based on contact or non-contact techniques, and their choice mainly depends on surface topography as well as scales under consideration. Roughness of machined surfaces like lapped or sand-blasted surfaces is composed of a wide range of frequencies, varying from body dimensions to interatomic distances. However, whatever the measuring method, only a range of frequencies is captured, the lowest frequency being imposed by the scanning length and the largest by the sampling interval or scanning resolution. To keep a reasonable amount of data, a compromise between scanning resolution and scanning length must also be made.
In section 2, we briefly recall models to synthesize a self-affine fractal surface, to compute surface deflections in elasto-perfectly plastic regime and to determine fluid transport properties through a rough contact. For more details on the models, the reader is invited to refer to [7] . Section 3 is dedicated to the analysis of the effects of sampling variables, i.e. sampling interval and sampling length, on surface roughness parameters, contact areas and transport properties, for an average contact pressure ranging from 10 to 600 M P a. To accomplish this analysis, four reference surfaces are first synthesized with different roughness parameters. The analysis of the sampling interval effect is performed by resampling each reference surface with three different sampling intervals, without changing the sampling length. In the same way, the sampling length effect is studied by resizing each reference surface with three different lengths, keeping the initial sampling interval constant. Finally, main conclusions are collected in section 4.
Models

Fractal surface synthesizing model
Fractal concept was first mentioned by Mandelbrot [10] . His observations showed that the length of a natural coastline does not converge but increases monotonically when decreasing the unit of measurement. This concept was used to describe many irregular shapes like mountains, coastlines or fractured surfaces that Euclidian geometry cannot properly describe. From a mathematical point of view, a fractal surface is shown to be self-affine, which means that the surface appears similar under various degrees of magnification (see fig. 1 ) with scaling magnification that is direction dependent. The power spectrum P (ω x , ω y ) and the structure function δ(τ x , τ y ) of this kind of surfaces follow power laws. For an isotropic self-affine fractal surface z (x, y), they are given by [11] :
where Z(ω x , ω y ) is the Fourier transform of z (x, y) and ω eq = ω 2 x + ω 2 y ;
where τ eq = τ 2 x + τ 2 y . In these equations, D f is called the fractal dimension and for a surface "in space", 2 < D f < 3. This parameter is related to the relative power of frequency content, which means that the larger D f the more irregular the surface. Practically, D f can be determined from the slope of log(P ) = f (log ω eq ) or log(δ) = f (log τ eq ) plots. In section 3, fractal dimensions will be determined from the structure function δ for practical arguments that will be clearly exposed. To perform our analysis, self-affine fractal surfaces are synthesized from their power spectrum (eq. (1)) following an approach based on the Fourier filtering method [11] . A random pattern a mn (1 ≤ m ≤ n x and 1 ≤ n ≤ n y ) is first generated in the physical space. A correlation among the Fourier coefficients a kl of a mn is introduced such that moduli of z kl follow a power law as given by equation (1):
where ω kl = 2π
, L x and L y being the surface dimensions in two orthogonal x and y directions respectively.
The fractal surface z mn is then obtained by a discrete inverse Fourier transform ofz kl :
Finally, a rescaling is performed on z mn to obtain the desired arithmetic roughness Ra:
Elasto-plastic deformation model
When two rough surfaces are put in contact, effective contact occurs at discrete spots, involving stresses that equilibrate the applied load. Resolution of rough contact problem has received much interest in the past decades and a review of the main methods employed for this resolution can be found in [12] . Statistical approaches, initially developed by Greenwood and Williamson [13] and then modified by many authors [14] [15] [16] [17] , yield important qualitative results concerning the effect of statistical roughness parameters on the true contact area. However, due to the multiscale nature of rough surfaces, it has been observed that roughness parameters used in these models strongly depend on sampling variables describing rough surfaces [18] . Thus, these statistical models often provide erroneous results from a quantitative point of view. With the advance of computer capabilities, numerical and deterministic models have been developed, allowing the use of digitized real surfaces without any assumption on height distribution. However, the grid used to discretize the surface must be as fine as possible to capture the micro-roughness, and in the same time, large enough to include longer wavelengths. These two constraints imply a large number of data, causing numerical difficulties to solve 3D contact problems with classical methods, such as finite element methods (FEM).
An alternative technique applied to the contact between fractal surfaces was employed by Willner [19] , following a previous work of Tian and Bhushan [20] . This technique is based on the minimization of the total complementary potential energy using a variational approach and the Boussinesq solution for semi-infinite bodies. Other fast methods, based on multilevel technique or fast Fourier transform (FFT), have been developed and in this paper, we use a numerical procedure based on the work of Sainsot et al. [21] to solve the contact problem. In this model, only normal effects are considered and contact bodies are assumed to be semi infinite. This last assumption, valid for a small contact area compared to body dimensions and for asperities having small slopes, allows the derivation of a direct relationship between surface deflections and contact pressures:
Here u (x) is the surface deflection at point x (x, y) on the surface S, U (x, ξ) is the deflection at x due to a unit load at ξ (ξ x , ξ y ) while p c (ξ) designates the contact pressure at ξ and S the apparent contact surface. From this equation, it appears that only surface deflections have to be computed (and not the displacements in the bulk), reducing drastically the system of equations to be solved.
When solids are elastic and homogeneous, the influence coefficient U (x, ξ) can be expressed by the method of potentials proposed by Boussinesq [22] :
where E is the Young's modulus and ν the Poisson ratio of the surface material under consideration.
To satisfy the overall equilibrium, local contact pressures must also verify:
where Pca is the average applied contact pressure.
The detailed procedure to solve this problem is given in [23] . To take into account plastic deformation, a plastic criterion is directly applied on contact pressures. Materials are assumed to follow an elastic-perfectly plastic behavior, i.e. contact pressures are bounded by the hardness H of the softer material.
Fluid transport models
Viscous flow and diffusion at the micro-scale
In this section, we consider incompressible, isothermal and stationary mass transfers due to viscous flow on the one hand and to diffusion on the other. At the micro-scale, viscous creeping flow (at small Reynolds number) through a rough fracture can be described by the Stokes model and diffusion by Fick's law. If we assume that the aperture field h (x, y) is slowly varying, i.e. that slopes of asperities are small, the two previous models can be reduced from 3D to 2D. This can be performed using an order of magnitude analysis and an integration of the balance equations in the direction normal to the mean plane of the contact (z-direction) [7] . In these circumstances, viscous flow is described by the Reynolds model: In the same way, the diffusion problem becomes:
Here q 
Transport properties of the rough contact
Equations (9) and (10) are formally identical. They can be rewritten in a generic form:
and ω = p for viscous flow and k = Dh and ω = c for diffusion.
By averaging these equations over a small portion S of the contact, the previous model can be up-scaled from micro to macro-scale. This operation allows to derive macroscopic models of transport relating the macroscopic flow rate at the scale of S, to the macroscopic driving force (i.e. the macroscopic pressure gradient or species gradient). Moreover, it provides an explicit way to determine the transport coefficients appearing in these macroscopic models.
The averaging process is similar to volume averaging [24] and is based on the definitions of the two operators applied on any quantity ϕ:
and
along with the averaging theorem:
Using a procedure employed for similar problems [25] - [26] , it can be shown that the generic macroscopic model takes the form:
, the tensor H can be explicitly determined from the aperture field according to:
where b is solution of the closure problem that is written as:
In the above equations, k = k − k and r i is the surface element dimension in the i th direction. This surface element is supposed to be representative of a periodic infinite structure.
For viscous flow, the flow rate per unit width of the contact, at the scale of the surface element, is hence:
in (14) and (15) . It must be noted that K has the dimension of cubic length.
In the same way, the flow rate per unit contact width resulting from diffusion at the scale of the surface element is given by:
where D = H is the effective diffusivity tensor with k = h in (14) and (15) . Note that D has the dimension of length.
Both K and D are intrinsic, i.e. they can be estimated from the aperture field h at a given load as indicated in the following section.
Computational algorithm
The deterministic approach employed to determine true contact areas and transport properties K and D of a rough contact is shown in figure 3 . It begins with a set of n x x n y points describing a rough surface z (x, y) synthesized from the method described above. The aperture field h (x, y) resulting from deformation of the initial rough surface z (x, y) is computed using the elasticperfectly plastic model as indicated in section 2.2. Intrinsic transmissivity and diffusivity tensors, K and D respectively, are computed using the same numerical procedure. Distinction between viscous and diffusive transport is performed in the surface preparation module. The percolation module allows to remove from h (x, y) all the non-percolating clusters, i.e. non-contact areas not connected to surface edges. In this section, we consider four reference fractal surfaces characterized by a fractal dimension D f ∈ {2.3 ; 2.7} and an arithmetic roughness Ra ∈ {0.1 µm ; 1 µm} (see tab. 1). Each surface is synthesized from the same random pattern a mn and with the same sampling variables, i.e. a length L of 2 mm sampled with n = 1024 points corresponding to a sampling interval ∆ of 1.95 µm. These surfaces represent our basic data that can be considered as extracted from direct measurements of real surfaces as shown by the analysis in [7] . Each surface element is considered as representative of a larger real surface. Ranges of variation of D f and Ra were chosen in agreement with measurements made on engineering surfaces [18] - [27] . In [7] , it was shown that some machined surfaces (like lapped surfaces) can exhibit fractal properties at high frequencies only, and this can be simulated by introducing a cut-off frequency ω c during the synthesizing process. In that case, P (ω) is taken as a constant for ω < ω c (see [7] - [28] ). To guarantee that reference surfaces are not fractal at scales larger than their own size, i.e. that sampling lengths were chosen large enough, surfaces were synthesized with a cut-off frequency ω c = 12π rad.mm −1 (see tab. 1). This has also the advantage of ensuring a perfect isotropy of the transport properties (see [7] ). Table 1 Surface parameters - In the following, the contact is assumed to be made of a stainless steel rough surface, which mechanical properties are given in table 2, pressed against a smooth and perfectly rigid plane parallel to the mean plane of the rough surface. As indicated in section 2.2, the deformation of asperities resulting from the applied load can be locally in the elastic or plastic regime depending on the local contact pressure. 
Effect of sampling interval ∆
The aim of this paragraph is to study the influence of the sampling interval ∆ = L/n on roughness parameters on the one hand, and contact areas and transport properties on the other. It is accomplished by under-sampling each reference surface using 512 x 512, 256 x 256 and 128 x 128 points, which correspond to sampling intervals ∆ = 3.91 µm, ∆ = 7.81 µm and ∆ = 15.62 µm respectively. This is achieved by keeping the sampling length L constant equal to 2 mm while successively considering 1 point over 2, 4 and 8 from the original reference surfaces respectively.
Fractal dimension and arithmetic roughness
As already mentioned, the fractal dimension of rough surfaces is determined from their structure function δ. This choice is motivated by several arguments.
As pointed out by Ganti and Bhushan [27] , the power spectrum is inaccurate when applied to discrete functions due to the approximation of the frequency content. Since we are analyzing the effect of sampling, inaccuracy is expected to increase when ∆ increases, in particular at high frequencies that are mainly altered while under-sampling. In our case, this is a major drawback since the presence of the frequency cut-off ω c would require the characterization of the fractal dimension D f from the higher frequency content of the surface. Moreover, for surfaces investigated here, synthesized from a random pattern, the scatter on the structure function is much smaller than that on the power spectrum, leading to a more precise estimation of D f from δ. In addition, the computation of δ is simpler to implement for practical use in engineering. Consequently, D f is estimated from the slope of the log(δ) = f (log τ eq ) plot, for each under-sampled surface and for τ eq varying from ∆ to
. As can be seen from equation (2), the slope of the structure function log-plot does not depend on Ra, since changing Ra only leads to a rescaling of heights and hence to a vertical shift of this plot. As a consequence, estimations of D f on surfaces 1 and 2 on the one hand, and on surfaces 3 and 4 on the other, are strictly identical. In figures 4 and 5, we have represented in dashed lines the structure function plots log(δ) = f (log τ eq ) for the two pairs of surfaces {1, 2} and {3, 4} respectively, for each sampling interval ∆. To show the influence of ω c on δ, structure functions of fractal surfaces synthesized without any cut-off frequency (ω c = 0 rad.mm Results in table 3 clearly show, as expected, that D f is not appreciably sensitive to ∆, especially for ω c = 0. In that case, the increase on the estimated value of D f is only 0.4% with respect to the reference surface when ∆ is multiplied by 8. For ω c = 12π rad.mm −1 , D f seems to increase slightly with ∆ (4 to 5% of increase with respect to the reference surface while multiplying ∆ by 8). This behavior can be explained as follows. Increasing ∆ leads to a truncation of δ at small values of τ eq . For ω c = 0 rad.mm −1 , δ remains linear over nearly the whole investigated range of τ eq . In this case, the truncation has also no influence on the estimation of D f . Note that the non-linearity of log(δ) = f (log τ
when ∆ is increased. From a practical point of view, this suggests that the sampling interval ∆ must be kept smaller than a limit value in order to correctly capture the fractal property of such a surface. A thorough analysis, which is beyond the scope of this paper, would be necessary to provide quantitative results on this last feature. For Ra, calculation on each surface shows that this parameter is insensitive to under-sampling, in the range of ∆ investigated here. As reported by Nguyen et al. [8] , power spectra of machined surfaces, and more especially fractal surfaces, are dominated by low-frequency components, which means that long wavelengths have higher amplitude than short ones. As a consequence, the arithmetic roughness Ra also mainly depends on longer wavelengths. Since under-sampling does not affect long wavelengths, Ra is not significantly modified while increasing ∆. 
Contact areas and transport properties
In the following, we study the effect of ∆ on the estimation of the true contact area S c and transport properties K and D, while considering the four reference surfaces defined in required to run the whole algorithm schematized in figure 3 , for each case under consideration and the whole range of Pca. Computations have been performed on a HP xw9300 workstation with a 2.4GHz AMD Dual Core processor. These data clearly illustrate the crucial issue of sampling since computational times roughly vary as n 2 , from several hours for reference surfaces (1024 x 1024 points, i.e. ∆ = 1.95 µm), to few minutes for 128 x 128 points, i.e. ∆ = 15.62 µm. For practical use, this justifies the analysis reported below on the dependence of the true contact area S c and transport properties K and D on sampling. In figure 6 , we have represented as dashed lines the influence of ∆ on the ratio of the true contact area S c to the apparent surface area S = L 2 versus the average contact pressure Pca. Pictures of contact areas of the corresponding reference surfaces are also represented for Pca = 600 M P a. In this figure, results on reference surfaces (solid lines) show that, whatever D f , the larger Ra is, the smaller S c /S for a given value of Pca. This indicates that the local contact pressure increases with Ra and, further, that the amount of contact spots experiencing plastic deformation is larger when Ra is large. This is in accordance with observations reported in [29] . Moreover, if we consider a trivial load-area relationship when the effective contact is entirely in the pure plastic regime, i.e. S c /S = P ca/H [30], we find, for Pca = 600 M pa, S c /S = 33.3%. This approximation is excellent for reference surfaces 2 and 4 (Ra = 1µm) confirming that a large amount of contact spots are resulting from plastic deformation for this value of Ra. On the contrary, for surfaces 1 and 3, this approximation underestimates S c /S that is roughly 43% for surface 1 and 38% for surface 3 when Pca = 600 M P a, indicating that a significant amount of contact spots are supporting a contact pressure smaller than H, i.e. are in the elastic regime. This is also in accordance with the fact that local contact spot areas are much smaller but more numerous when Ra is small (i.e. on surfaces 1 and 3) as shown in the insets of figure 6. In fact, there are three times more contact spots of size ∆ 2 on surface 1 than on surface 2 although S c /S 1 is only 25-30% larger than S c /S 2 . In addition, it can be noticed from the curves that S c /S is much more sensitive to ∆ for surfaces 1 and 3 than for surfaces 2 and 4, i.e. for smaller Ra. These observations can be explained as follows. When Ra is large (surfaces 2 and 4), S c mainly results from effective contacts on large wavelength components of asperities that are also of larger amplitude. Small asperities, of short wavelength, are squashed leading to contact spots of relatively large area. Conversely, when Ra is small, contact occurs on asperities of high frequency of occurrence, leading to a high number of contact spots. While under-sampling, two cooperative effects are involved, explaining the contrast in the behavior of the dependence of S c /S upon ∆. First, under-sampling tends to smooth the surface, decreasing the highest detectable frequency. Second, it leads to an increase of the local contact spot area, simply due to the fact that, multiplying ∆ by 2 for instance, multiplies the minimum contact spot area by 4. This effect is, of course, much less significant in situations involving large contact spot areas (i.e. when Ra is large). In figures 7 and 8, all the diagonal terms of transmissivity K and effective diffusivity D tensors respectively are represented versus the average contact pressure Pca, for each sampling interval ∆. Off-diagonal terms of K and D are about two orders of magnitude smaller than diagonal ones and consequently, are not considered in our work. Transport properties of reference surfaces (∆ = 1.95 µm) appear as solid lines and representation was restricted to transmissivities and diffusivities respectively larger than 1e −9 µm 3 and 1e −4 µm. From these figures, it appears that the diagonal terms of K and D estimated on reference surfaces are identical confirming that synthesized surfaces are isotropic [7] . For large values of both ∆ and Pca, a dispersion appears on diagonal terms. The origin of this behavior lies in the finite size effect of the element of surface under consideration which becomes more critical while increasing Pca. This finite size effect is such that the distribution of the percolating cluster branches (i.e. connected paths where the fluid flows) that is statistically direction-independent for small values of Pca becomes increasingly direction-dependent while increasing Pca. Results on K and D indicate that these transport properties strongly depend on Ra and very little on D f on the whole range of Pca investigated [31] . In addition, results of figures 7 and 8 clearly show that, for any given value of Pca, K xx , K yy and D xx , D yy decrease while increasing ∆ and that this behavior is more significant on surfaces 1 and 3 (Ra = 0.1 µm) than on surface 2 and 4 (Ra = 1 µm). This can be simply explained while considering the results on the effective contact area presented above. While S c increases with ∆, the mean aperture (and hence the transmissivity and diffusivity) decreases, this behavior being more significant when Ra is small. Note that under-sampling leads to an under-estimation of both K and D, and the under-estimation increases with Pca. versus Pca for the three under-sampled surfaces. Here, T represents the mean value of diagonal terms of T while the subscript r refers to the reference surfaces. The relative error increases with Pca and ∆. Since K is always smaller than K r , relative error is bounded by 100%. For K, it remains roughly smaller than 50-55% (leading to a factor 2 between K and K r ) for Pca ≤ 100 M P a for surfaces 1 and 3 and Pca ≤ 500 M P a for surfaces 2 and 4 over the whole range of ∆. For D, less than 50% of error is ensured for all values of ∆ for Pca ≤ 200 M P a for surfaces 1 and 3 and Pca ≤ 600 M P a for surfaces 2 and 4. It must be noted that 50% of error remains reasonable compared to the range of variation of K r and D r and thinking to the practical measurement of these quantities [32] . 
Effect of sampling length L
In this section, we are interested in the influence of the sampling length L on roughness parameters on the one hand, and contact and transport properties on the other. This study is performed by extracting three subdomains centered on each reference surface and having respective lengths L = 1 mm, L = mm. The number of data points on these subdomains being identical to those used while under-sampling, computational times are also of the same order of magnitude as those reported in table 4.
Fractal dimension and arithmetic roughness
We begin with the investigation of the influence of L on the estimation of the surface parameters D f and Ra. To highlight the influence of ω c , we also report in this paragraph results on surfaces synthesized with ω c = 0. In figures 11 and 12, we have represented the log(δ) = f (log τ eq ) plots, for each surface under consideration here. In table 5, we have reported fractal dimensions estimated from least squares fits on these plots. It appears that, whatever ω c , D f is not sensitive to L in the range of sampling lengths investigated since errors remain smaller than 2%. Contrary to ∆, varying L does not induce any truncation of the linear part of δ. The estimation of D f remains equally precise, even for small values of L. Ratios of the arithmetic roughness Ra computed on each resized surface to the one of the reference surface Ra r , are given in table 6. This table shows the effect of ω c . As explained previously, Ra mainly depends on longer wavelengths, and thus, it is generally L-dependent [8] . As expected for ω c = 12π rad.mm −1 , Ra is not sensitive to L in the investigated range of L, because the frequency content is not altered while resizing the surface. 
Contact areas and transport properties
The influence of L on the estimation of the ratio of the true contact area S c to the apparent surface area S = L 2 versus the average contact pressure Pca is reported as symbols in figure 6 . Whatever the reference surface, varying L has very little effect on the estimation of the true contact area. Maximum relative deviations occur at small contact pressure and remain smaller than 10%. For Pca = 600 M P a, these relative deviations are about 3% whatever L. From pictures of contact areas (see insets of fig. 6 ), it appears that contact areas are uniformly distributed over the surface, even if the reference length is reduced by a factor 8. Again, this is due to the fact that longer wavelengths have been cut-off by ω c so that, in the investigated range of L, subdomains have the same distribution of contact areas as the reference one. However, as will be seen below, reducing surface dimensions can either lead to a contact less or more percolating contact (i.e. smaller or larger K and D).
In figures 13 and 14, we have represented the diagonal terms of K and D respectively versus the average contact pressure Pca, for each sampling length L. For small values of L, diagonal terms of K and D are increasingly dispersed with Pca. Thus, L has to be large enough to ensure isotropy of the transport properties. Moreover, transport properties of the resized surfaces are randomly distributed around those of the reference surfaces. For instance, relative errors obtained on surface 2 are greater in magnitude for L = 0.5 mm than for L = 0.25 mm when Pca ≥ 50 M P a. As for ∆, transport properties are increasingly sensitive to L when they decrease, i.e. while increasing Pca. For all the sampling lengths considered here, the relative error on the transmissivity does not lead to an over-or under-estimation of K greater than a factor 2 (−100% ≤ ∆K/K r ≤ 50%) for Pca ≤ 400 M P a. In the range of Pca investigated, errors on D does not exceed a factor 2, except for surface 1 for which one must keep Pca ≤ 500 M P a. 
Conclusion
In this paper, contact between a synthetic fractal surface and a smooth and perfectly rigid plane has been considered. A global deterministic approach to determine surface deformation under load and transport properties of the resulting aperture field has been briefly presented. The effect of sampling variables ∆ and L on the estimation of rough surface parameters (D f and Ra), true contact areas (S c ) and transport properties (K and D), has been investigated. Both ∆ and L were varied by a factor ranging from 2 to 8 with respect to the reference surfaces. As indicated by computational times required to run the whole algorithm, this is a crucial issue that must be considered simultaneously with the expected precision on the estimation of the contact properties. Typically, computational times varies as n 2 (n being the number of data points on the rough surface). To perform this study, four fractal surfaces, considered as references, have been synthesized. They are representative of a wide range of machined surfaces as demonstrated in a companion paper [7] . Since a real surface usually exhibits fractal properties for only a range of frequencies, a cut-off frequency ω c has been introduced in the power spectrum of synthetic surfaces. This cut-off frequency ensures that dimensions of reference surfaces have been chosen large enough to contain all scales of fractality. Main conclusions of this study are as follows. The estimation of the fractal dimension D f remains almost insensitive to the sampling variables provided ∆ is kept small compared to ω c . When this constraint is not satisfied, information contained in the structure function δ becomes insufficient to estimate D f accurately. Moreover, the effect of the sampling length L is negligible in the investigated range of L. As a consequence, when accuracy on the determination of D f is to be improved, keeping the amount of data points constant, it is preferable to reduce ∆ rather than increasing L.
The arithmetic roughness Ra is much more sensitive to L than to ∆. When a cut-off frequency ω c is introduced in the power spectrum of the synthetic surfaces, the dependence of Ra to L disappear provided L remains larger than ω c .
When this last condition is met, longer wavelengths of roughness are cut-off by ω c , so that distribution of contact spots is homogeneous over the surface. As a consequence, in the range of sampling lengths investigated here, L has very little effect on the estimation of the true contact area S c . Sensitivity of S c to ∆ becomes significant when Ra is small, i.e. when contact spots are small compared to the block size of the sampling grid, due to a conjugate effect of the representation itself of the contact spots and to a smoothing effect that removes high-frequency content of asperities.
Finally, anisotropy of transport properties can appear as a result of either ∆, which has been chosen too large, or L, which has been chosen too small. Moreover, K and D become sensitive to ∆ and L at large values of Pca. When significant, under-sampling always leads to an under-estimation of K and D and this must be kept in mind if, in practice, leak through a rough contact is to be estimated with such an approach. In contrast, reducing L leads to an under-or over-estimation of K and D. For surfaces under consideration, whose properties cover a wide range of D f and Ra encountered in practice, the impact of ∆ and L on K and D remains weak. Typically, for the range of variation of ∆ and L under investigation in this work, the impact is roughly a factor 2 on K and D with respect to the reference surface provided Pca does not exceed 400 M P a. This remains an acceptable estimation for most practical applications if one kepdf in mind the difficulty associated to a precise measurement of these transport properties.
